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It was shown in a previous paper (1) that after infection of the sub- 
cutaneous tissue with staphylococci of low virulence, diffuse lymphoid 
hyperplasia appeared in the regional lymph node, and that only later 
did Flemming's secondary nodules develop.  At the same time lym- 
phocytosis appeared in the blood, simultaneously with the appearance 
of lymphoid hyperplasia by way of pseudo-secondary nodules.  Lym- 
phocytosis had already disappeared before the greatest development 
of Flemming's secondary nodules in the regional node.  The conclu- 
sion therefore was drawn that the lymphocytosis of the blood had its 
origin in the pseudo-secondary nodules and had nothing to do with 
Flemming's secondary nodules which made their appearance later. 
In this study is reported the behavior of lymphatic tissue and of the 
lymphocytes in the blood after intravenous injection of killed staph- 
ylococci.  A question at issue was whether by this means a general 
status lymphaticus or even a status thymicolymphaticus might be the 
response, or whether the spleen would play the main rSle in the reac- 
tion.  The  relation  between the  occurrence  of  lymphocytosis  and 
changes  in  the  lymphatic  tissue  were  studied  at  the  same  time. 
Another question was, whether by the mere introduction of killed 
bacteria without reinjection, so called mesenchymal reactions would 
appear as a part of the process of immunization.  Such reactions have 
been  described by Oeller  (2-5),  Sieganund  (6-8),  Domagk  (9-11), 
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Jacob (12) and T6ppich (13); the views of these authors have received 
confirmation  in  the  present  study,  at  least  in  part.  On  the  other 
hand, the existence of such reactions has been denied at least in part 
by Seemann  (14-16),  Gerlach  and  his  associates  (17-19) and  partly 
also by Maximow (20) in conformity with general opinion. 
Material and Method. 
The material used consisted  of 87 treated and 27 normal male rabbits.  For 
masons already given (1), animals  as nearly alike in color and weight as possible 
were chosen. 
The animals  were treated partly with small and partly with laxge doses (in a 
manner determined by previous experiments during studies of immunization). 
The animals of series A were treated intravenously with varying doses of 20 hour 
whole broth cultures of Staphylococcus aureus killed by heating for 2 hours at 60°C. 
These animals  will be referred to as treated with small  doses.  The animals of 
series B received intravenously killed staphylococci, which had been centrifuged 
and then diluted with saline soIution, so that 1 ce. of the suspension corresponded 
to about 40 cc. of broth culture.  These animals will be referred to as treated with 
single large doses. 
In certain of the animals  the leucocytes were counted at spedfied intervals ac- 
cording to the method already described (1).  Curves showing their course will be 
discussed later.  The animals were killed by a blow on the neck.  The popliteal, 
axillary and  cervical lymph nodes, the  pancreas Aselli,  thymus,  spleen,  liver, 
adrenals, heart, lungs and kidneys were weighed.  All these organs were fixed, cut 
and stained in the manner previously reported (21). 
Protocols. 
Series A 1 consists of 17 rabbits of about 1,000 to 1,100 gin.  The fur of half of 
them was light in color and of the other half dark.  They received intravenously 
6 daily small dosesof I  cc.; after a  rest of 10  days  they had  a  second  similar 
series for another 5 days; and after a  second rest of 9 days a  third series of 
injections daffy for 4 days.  After 1, 2, 3, 4, 7, 10, 15, 17, 24, 28, 38 and 44 days 
the leucocytes were cotmted in 2 light and 2 dark an lmals; the animals were alter- 
hated so that no 2 were used on successive days.  On the 1st day after the second 
and fourth injections (first series), on the 2nd and 10th days after the sixth injec- 
tion, on the 5th day after the second series of injections and on the 5th and 11th 
days after the third series a light and a dark animal were killed (Text-fig. 3).  Three 
animals died during the experiment from intercurreat diseases and were excluded 
from further study. 
Series A 2 consists of 20 rabbits of about 800 to 1,500 gin., half of which were 
light and half dark.  They were treated with small  doses of 1 cc. during three wi~  Em~XCH  363 
periods of 6 days each, with intermissions of 9 days between the periods.  They 
were used mainly for microscopical study. 
Series A  4 comprises 8 light colored animals weighing about 1,000 gin.  They 
were treated for two periods of 6 days each with small doses  of 5 cc. with an inter- 
mission of 9 days between the periods of immlmization.  The days on which the 
animals were killed are given in Table I. 
Series B I consists of 38 rabbits weighing about 600 to 800 gin., 32 had light and 
6 had dark fur.  They received the sediment of 40 cc. of culture on four occasions 
at intervals  of 1 week.  In 4 light animals the leucocytes were counted after 6, 
10, 14, 15, 17, 21, 24, 28 and 35 days.  One of these animals as well as 3 of the 
other animals of this series died during the experiment and were excluded from 
further study.  The days on which the animals were killed are given in Table I. 
Series B 2 consists of 4 animals weighing about 1,000 gin., 2 of which were light 
and 2 dark.  They were treated intravenously 4 times with  60 cc. of sedimented 
culture at intervals of 1 week and were killed 1 day after the first injection and 
others 5 days after the third and fourth injection. 
RESULTS. 
In reporting the results the changes in the lymphocyte count will 
be given first, then the weights of the organs and finally the anatomical 
changes in the organs. 
I.  Lymphocytes. 
The description of the curves of the lymphocytes can be given in a 
few words.  Only changes in the lymphocyte and polymorphonuclear 
leucocyte counts are  shown.  In  the differentiation  of lymphocytes 
from monocytes and histiocytes in blood smears, all mononuclear cells 
which were not recognized with certainty as monocytes or histiocytes, 
were counted as lymphocytes. 
In Text-fig.  1 the average numbers of leucocytes of 10 animals  of 
series A  1 are given.  The counts of 4 animals with slight coccidiosis 
at  autopsy,  were  excluded  from  this  curve;  this  disease,  however, 
made very little difference either in the lymphocyte counts or in the 
weight curves; these results are in accord with the weights found by 
Hellman  (22)  in  normal  animals.  The largest number  of lympho- 
cytes in the blood was found 10 to 14 days after the first injection in 
animals  immunized  with small doses.  The  number  of lymphocytes 
increased about 125 per cent (Text-fig. 1). 
Text-fig. 2 shows the numbers of leucocytes of a  typical animal of 364  LYMPHATIC  TISSUE.  IV 
series B  1, treated with large doses.  Two other animals showed simi- 
lar curves, but at autopsy slight coccidiosis was present.  Here also 
the greatest number of lymphocytes  in the blood was found after about 
14 days.  The increase, however, amounted to only 70 per cent. 
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2. Weiglas of the Organs. 
In order to be able to compare the weights of the organs of each 
series the weights found at autopsy were divided by the kilo weight of 
the  animals.  The relative weights of the peripheral lymph nodes, 
spleen and thymus fluctuate in rabbits at these ages  (Hellman (22)). 
In order to eliminate this source of error as well as those due toditter- 
ences in length of life after the beginning of the injections, minor cor- 
rections  according  to  Hellman's  curves were made in  the relative wmm~  ~m~IcH  365 
weights.  The corrected weights have been expressed as a percentage 
of the normal weights, the averages of which are presented in curves. 
(a) Peripkeral Lymph Nodes.--The  popliteal, axillary and cervical 
lymph nodes reacted similarly.  They are therefore described together 
as peripheral lymph nodes.  The changes in the weight of the lymph 
nodes of the 10 typical a  nlmals of series A 1 treated with small doses 
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are shown in Text-fig. 3.  The weight of the lymph nodes increased 
slowly in these animals and reached the highest point  after  14 days. 
Then it slowly decreased.  The greatest increase in weight amounted 
to about 125 per cent and ran parallel to the increase in lymphocytosis. 
Animals of series A 4, which received 5 times the dose compared with 
series A 1, showed an increase of 120 percent 24 days after the first 
injection. 366  LYMPHATIC  TISSUE.  IV 
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In Text-fig. 4 the weight curve of the lymph nodes of 24 typical ani- 
mals of series B  1 is given.  The highest point was reached here, too, 
after about 14 days, but showed an increase of about 80 per cent only. 
The coincidence of the increase in weight of peripheral lymph nodes 
and of the number of lymphocytes in the blood is evident. 
(b)  Pancreas AseUi.--The weights of the mesenteric lymph nodes 
differed greatly, as might be expected from Hellman's findings.  The 
varying amount of fat which cannot be separated from these lymph 
nodes apparently played a major r61e in these differences. 
(c)  Spleen.--In comparing the weights of spleens, the varying con- 
tent of blood must be considered.  It accounts for certain mistakes 
which could not be eliminated in Text-figs.  3 and 4.  That it is  pos- 
sible to compare the weights of spleens  is  evident from  Hellman's 
investigations as well as from our own curves, which could not be ex- 
plained if the varying content of blood were a significant factor in the 
computations. 
In the animals of series A  1, treated with small doses,  the spleen 
weights increased slowly (Text-fig. 3), and reached their highest point, 
about  100 per cent, after approximately 4 weeks, that is to say, 14 
days after the weights of the peripheral lymph nodes and the number 
of lymphocytes in the blood attained their maxima.  The animals of 
series A 4 reacted similarly to those of series A 1.  In the animals in- 
jected with large doses (series B 1), there was found, however, a much 
greater increase in weight (Text-fig.  4), which amounted to about 250 
per cent after 3 weeks.  The highest point occurred after the time 
when the peripheral lymph nodes and the lymphocytosis developed 
their maxima. 
"(d)  Thymus.win series A 1 a decrease in the weight of the thymus 
(Text-fig. 3) took place at first which, after the end of the injections of 
the 1st week, was followed after 14 days by an increase of 70 per cent. 
The next series of injections caused another decrease, whereas injec- 
tions of the third series no longer influenced the curve.  In the ani- 
mals injected with large doses  (Text-fig.  4)  an enlargement of the 
thymus was also found after 14 days.  The increase amounted to as 
much as 100 per cent.  Later injections caused progressive atrophy. 
(e)  Liver,  Kidneys,  Lungs,  Heart  and  A drenals.--The  weights of 
these organs were recorded regularly only in series B  1.  No distinct 368  LYMPHATIC  TISSUE.  IV 
change was found except in the lungs which increased in weight.  The 
adrenals varied a  great deal. 
3. Microscopical Findings. 
(a) Lymph Nodes.--In the microscopical study of the lymph nodes 
the size, number and composition of the secondary nodules and pseudo- 
secondary nodules were  mainly examined.  In  order  to  be  able  to 
compare them  they were measured in all animals.  The increase  in 
weight of the lymph nodes was caused, on microscopical analysis, by 
a general increase of all parts of the lymphatic tissue, but more especi- 
ally by an increase in size and partly in number of the pseudo-second- 
ary nodules  (Fig.  1).  In  some animals of series  B  2  reticular  and 
epithelioid centers  were  also  seen  in  the secondary nodules of some 
lymph nodes. 
(b) Spleen.--Whereas the microscopical changes were slight in the 
lymph nodes, they were considerable in the spleen,  as was to be ex- 
pected,  because this  organ,  unlike the regional lymph nodes, serves 
the body as a  whole. 
A marked enlargement and increase in number of the Malpighian  bodies and 
a  change in their composition were observed.  Although normal spleens usually 
show only transitional secondary  nodhles,  there occurred  in these  immunized 
rabbits an enormous number of Flemming's secondary nodules (Fig. 2).  In the 
animals treated with small doses (Table I, series A) Flemming's secondary nodules 
reached their greatest increase in number and size 2 to 4 days after the first, and 
2 to 3 days after the second series of injections.  They seemed to reach a further 
high point after the third series of injections, but unfortunately no animals were 
available in the period of i to 5 days after the last injection.  In the animals treated 
with single large doses (Table I, series B) the increase of Flemming's secondary 
nodules, as a rule, was less and reached its greatest development about 3 days after 
the second and third injections. 
Beside the changes in the secondary nodules, lesions were found which seem to 
be of a special kind and apparently belong to the so called mesenchymal reactions. 
Everywhere in the interstitial tissue as well as in the outer zones of the secondary 
nodules, but especially around the smaller vessels, there appeared intensely baso- 
philic cells (Fig. 4), partly of the type of lymphocytes and plasma cells, and partly 
of the type of histiocytes and of reticulo-endotheli~d  ceils.  The proliferations often 
reached considerable size.  The cells showed many karyokinetic figures and often 
contained two or more nuclei.  Often cells were found, which apparently were 
loosened from the walls of the vessels.  Another feature of this reaction was the 
appearance of often numerous giant cells (Fig. 3) of the Langerhans type.  When WILHELM  EHRICH  369 
developed they were frequently very large.  Their nuclei were pale and poor in 
chromatin.  When the cells were developed,  their protoplasm was pale in the 
interior of the cell and often contained pigments, whereas at the periphery mostly 
a narrow basophilic margin was to be seen.  Younger giant cells contained more 
basophilic protoplasm and showed nuclei also in their centers, so that they rather 
resembled foreign body giant cells.  In addition to those found in the interstitial 
tissue, giant cells as well as basophilic round cells were also found in a small amount 
in the sinuses. 
As is shown in Table I, mesenchymal reactions  of this kind were observed 
rarely and in slight  degree in apparently  normal  animals,  whereas giant cells 
were entirely missing.  In the animals of series A 1 and A 2 injected with small 
doses mesenchymal reactions were found as early as the 1st day after the fourth 
injection (first series) and showed their greatest development in the week after the 
second series of injections.  Giant cells appeared  on the 10th day after the first 
series of injections and were found with regularity only after the third series of 
injections without reaching large numbers.  The series A 4 differed from series A 1 
only by a greater development of giant cells.  In the animals of series B (Table I) 
treated with single large doses the mesenchymal reactions  were found from the 
2nd day after the first injection and showed their greatest development from the 
4th day after the second injection until the end of these series.  Giant cells were 
first found 14 days after the first injection,  and were seen with great regularity 
from the 1st day after the second injection, but attained their greatest develop- 
ment after the third injection. 
Beside  these  changes myeloid areas  were found in the spleens of 4 animals 
of series B. 
(c)  Thymus.--The  histological study of the thymus was especially 
concerned with the question, whether the medulla or the cortex played 
the greater r61e in the change in weight.  The myeloid cells which are 
found in the thymus of rabbits mainly under the capsule varied so 
much in normal animals that no influence of the injections could be 
recognized.  Changes in Hassal's bodies were but slight. 
The decrease in weight took place mainly in the cortical substance. 
The more the thymus decreased the more indistinct became the differ- 
entiation between medulla and cortex.  Finally it vanished entirely 
(Fig. 5).  As a  rule the increase in the weight concerned both sub- 
stances (cf. Figs. 6 and 7).  In  the animals treated with small doses 
the  thymus gland decreased more  and  more  and showed  complete 
atrophy 4  days after the sixth  injection.  This was followed by  re- 
generation and  subsequent  hyperplasia.  The second series of injec- 
tions  caused  further  atrophy,  whereas  the  third  series  exerted  no 370  LYMP]IATIC  TISSUE.  IV 
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further influence.  In the animals  treated with large  single doses hy- 
perplasia  took  place  which  had  reached  its  highest  point  after  an 
initial atrophy in 14 days.  This was followed by increasing  atrophy, 
which led in most of the animals to complete atrophy. 
(d)  Liver.--The  changes in the liver took place mainly in the  capil- 
laries,  but partly also in the periportal connective tissue and  around 
the minor vessels. 
In the capillaries at first appeared increased numbers of basophilic cells, partly' 
of the type of lymphocytes and plasma cells, partly of the type of histiocytes and 
reticulo-endothelial cells.  Swollen Kupffer cells with intensely basophilic proto. 
plasm were seen, which were still connected wholly with the vessel wall.  Other 
cells also appeared which had already acquired a more rounded shape, and which 
retained only slight connection with the wall.  Finally loose Kupffer cells were 
found. 
Infiltrations of round cells were found in all stages of transition such as are 
found in the livers of normal rabbits.  In larger infiltrated areas some polymor- 
phonuclear leucocytes and phagocytes filled with pigments also were seen.  As is 
shown in Table I, infiltrations of round cells were found in normal rabbits with some 
regularity, but they were never seen to such an extent as in the immunized animals 
(Fig. 8).  Here also karyoklnetic figures were found, which are very rare in normal 
animals.  Sometimes these infiltrations lay beneath the walls  of medium sized 
vessels  (Fig.  9)  and  pressed  the  endothelium  towards  the  lumen.  Intensely 
basophilic cells were often observed in the lumen still in connection with the endo- 
thelium of these vessels.  Apparently these were migratory cells. 
The infiltrations often contained giant cells (Fig. 10).  In the animals treated 
with large doses they appeared in such great numbers that  they seemed  to pre- 
dominate over the other cells of these areas.  They were exactly like the giant cells 
of the spleen,  so that they need not be described again.  Often they contained 
brown pigment.  They were found mainly in the peripheral parts of the lobules, 
and were occasionally seen in the walls of medium sized veins. 
In the animals treated with small doses  the mesenchymal reactions just de- 
scribed, reached their greatest development in the week after the second series of 
injections (Table I) as in the spleen.  In the animals treated with large single doses 
the reaction was developed intensely from the time of the second  injection and 
remained in the same state until the end of the series.  Giant cells were not seen in 
the livers of normal rabbits.  In the animals treated with small doses giant cells 
were found the 4th day after the first series of injections, whereas they were seen 
in the animals treated with large single doses from the  7th day after the first in- 
jection.  The difference between the series A and B consisted, as in the spleens, 
first, in a more intense reaction after large doses and second, in the fact that after 
small doses, the round cells predominated, whereas after large doses many more 
giant cells appeared. wit m~I~ ~.H~ICH  375 
(e) Lungs.--In  the mesenchymal reactions  the  lungs  took  as  im- 
portant a part as the liver and spleen, if not, indeed, a greater one. 
The char~ges took place in the vascular connective tissue.  At first an increased 
number of cells of the type of lymphocytes and plasma cells and of the type of 
histiocytes and reticulo-endothelial cells appeared in the adventitial tissue of the 
minor vessels (Fig. 11).  These intensely increased in number as was shown by 
many karyokinetic figures.  At the  same time similar cells  appeared in many 
places in the alveolar walls.  In the peribronchial tissue also a certain degree of 
proliferation was found.  In the small vessels especially in the veins proliferation 
between media and intima occurred, which consisted mainly of reticular cells, but 
always contained varying numbers of round cells.  It is remarkable, that here 
the media was usually preserved as a distinctly visible band (Fig. 12).  The pro- 
liferation pushed the endothelium towards the lumen.  The endothelium could 
always be clearly distinguished from the proliferation (Fig. 12).  The lumina of 
the vessels grew more and more narrow and finally often entirely disappeared. 
During the progress of this reaction (Fig. 18) the alveolar walls thickened either 
diffusely,  or in nodules, and the alveolar lumina decreased in number and size. 
The cellular character changed to one of reticular composition and many lattice 
fibres appeared.  Finally the alveoli became more or less solid (Fig.  15), so that it 
was nearly impossible to differentiate the elements.  The vessels were still mostly 
recognizable  as solid bands.  The lumina of the alveoli often entirely disappeared, 
and in other places were recognized merely as narrow spaces filled with alveolar 
epithelial cells. 
Giant cells also appeared which  reached large numbers, mainly in the animals 
treated with large doses.  They too were of the Langerhans type and similar to 
those described in the spleen.  In the alveolar walls highly basophilic round cells 
were also seen not only outside of the capillaries but also in their lumina.  Espe- 
dally large numbers of giant cells were sometimes found between media and intima 
of the medium sized vessels. 
As is shown in Table I, such  mesenchymal reactions were found in 2 normal 
animals and even a few giant cells were seen.  But these changes were very slight. 
In the few animals of series A the lungs of which were examined, this reaction 
usually took place and giant cells appeared regularly.  In the animals treated with 
large single doses this reaction was found with great regularity from the 7th day 
after the first injection and was well developed after the second injection.  Many 
giant cells were found.  In the animals of series B 2 they were also found in great 
numbers. 
(f)  A drenals.--In  the  adrenals  the  mesenchymal  reactions  were 
observed only in animals treated with large doses.  All in all they were 
but of slight extent. TABLE  II. 
Reactions in Adrenals,  Kidneys and Heart in Relation  to the Time and Number of 
Intravenous  Injections Of Killed Stapkflococd. 
No.  Weight 
r~m  e 
*  after last 
injection 
No. of 
injections 
Adrenal  Kidney 
Inter- 
Interstitial  Giant  stitial  Giant 
infiltration  cells  infiltra-  cells 
tion 
Heart 
Suben- 
Interstitial  docar- 
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They were similar to those seen in the liver and took place mainly in the capil- 
laries.  In  a  part of the animals increased numbers of. intensely basophilic  cells 
were found in the capillaries mainly in those parts of the cortex next to the medulla. 
Later infiltrations were found (Fig. 13),which contained even giant ceils (Fig. 14). 
While in 3 normal animals only, a few infiltrations composed for the most part of 
slightly basophilic cells  were found (Table II), they were seen in most animals 
treated with large doses from the time of the second injection.  Giant ceils were 
missing entirely in normal animals andwere observed in series B only in 6 instances. 
(g)  Kidneys.--In  the  kidneys  of  the  animals  treated  with  large 
doses interstitial accumulations of round cells mixed with polymorph- 
onuclear  leucocytes were frequently observed, more  frequently than 
in  normal  animals  (Table  II).  It  seems  that  these  changes  were 
partly caused by the treatment.  In 5 cases of series B giant cells were 
found in the glomeruli (Fig.  16), and seemed to be derived from the 
covering cells of the loops.  In  normal  animals  no  giant  cells were 
seen. 
(h)  Heart.--The  changes in the heart course were like those in  the 
kidneys and  the  adrenals.  Interstitial  accumulations of round cells 378  LYMPHATIC  TISSUE,  IV 
were found in normal rabbits as a rule only in advanced age, whereas 
in the animals of series B  1 there was a  distinct increase  during the 
injections (Table II).  In Fig. 17 such an infiltration is shown.  Giant 
cells were not found.  In 4 of the cases treated with large doses sub- 
endocardial accumulations of round cells were also seen, which were 
similar to those in the vessels of the liver. 
DISCUSSION. 
The histological changes which appeared in our animals after intra- 
venous injections of killed staphylococci, took place on the one hand, 
in certain lymphatic tissues and in the thymus, on the other, in the 
vascular connective tissue.  As a rule, after small doses the changes 
in the lymphatic organs predominated, but after large doses those in 
the vascular connective tissue were the outstanding ones. 
1.  Changes of the Lymphatic  Tissue and of the Thymus. 
The changes in the lymphatic tissue affected especially the spleen 
and  the  peripheral  lymph  nodes  (cervical,  axillary  and  popliteal 
lymph nodes).  The weight of the spleen increased up to 250 per cent. 
Histologically an enormous increase in number and partly in size of 
Flemming's secondary nodules took place.  The peripheral  lymph 
nodes increased in weight up to  120 per cent.  Microscopically this 
increase  was  due to  lymphatic hyperplasia.  In  certain  stages  (14 
days after the first injection) there occurred in both series an increase 
in weight of the thymus up to  100 per cent.  If there is taken into 
consideration furthermore the fact that in the heart and other organs 
large infiltrations of round cells were found and also that the animals 
succumbed readily during the experiments to intercurrent diseases, it 
is entirely credible that a  status thymicolymphaticus was produced. 
Because the status thymicolymphaticus lately has  attracted new 
interest, it will be well to add some brief remarks on it since my study 
throws a new light on its etiology and significance. 
On the etiology of the status thymicolymphaticus there exist three 
theories  (literature  in  Thomas  (23)).  Some authors  still  maintain 
the theory of Paltauf (24), which states that this disease is a constitu- 
tional anomaly.  Others, like Lubarsch (25),  doubt whether the sta- 
tus  thymicolymphaticus is  related to any special predisposition and wmm~l.~ ~m~ICH  379 
wonder whether it must not rather be looked upon as an effect de- 
veloped  in  consequence  of  certain  toxins  which  in  part  enter  the 
body from the outside, and in part originate within it, or perhaps both. 
Others further believe that the status is the consequence of increased 
nutrition.  Jaffe (26-28)  and Marine  (29-30)  suppose on account of 
their well known adrenalectomy experiments that the status thymico- 
lymphaticus is a  direct result of the hypofunction of the adrenals and 
that normally the adrenals suppress or exert a  regulating effect upon 
the thymus and the lymphatic tissue. 
Against the last theory may be advanced the evidence that in status 
thymicolymphaticus  the  adrenals  are  usually  absolutely  normal, 
and that on the other hand, many cases of atrophy of adrenals are 
encountered which do  not exhibit  the  status  thymicolymphaticus. 
In my experiments also no relation between the weights of the thymus 
and of the adrenals was found.  Finally, this theory cannot explain 
an observation of Schridde  (31), namely, that in status lymphatlcus 
local hyperplasia of lymph nodes only is usually found.  Because this 
point seems to be so important for an understanding of this disease, I 
cite briefly 3 examples, which were observed during the last year. 
1. In a woman 31 years old (A, No. 284), who died of Addison's disease, primary, 
essential or idiopathic atrophy of the adrenals was found at autopsy.  The organs 
weighed together 4 gin.  The thymus weighed 50 gin.  Hyperplasia of the lymph 
nodes occurred mainly around the intestine; the mucous membrane of the duo- 
denum was penetrated by numerous lymph nodules.  The microscopical examina- 
tion showed, that the villi of the duodenum were unusually rich in round cells. 
2. In a man 24 years old (A, No. 300), who had been suffering from chronic 
mitral stenosis, and who died suddenly of fibrillation of the heart, a thymus of 
40 gin. was found.  The lymphatic hyperplasia occurred mainly in the neck and 
mediastinum.  The tonsils had been removed 5 weeks before death because  of  • 
chronic inflammation.  The adrenals weighed together 9 gin. and were of normal 
size. 
3. In a medium sized cat which died suddenly at the beginning of an ether nar- 
cosis, an enormous thymus of 6½ gin. was found, a weight, which surpasses  the 
highest weight found by Friedleben (32) in normal cats, stated to be about 4 gin. 
(55 gr.).  The status thymicolymphaticus was a more universal one, but was no- 
ticed especially around the intestine.  The lower end of the small intestine and the 
colon were studded with lymph nodules.  Microscopically numerous round cells 
and polymorphonudear leucocytes were  found in the wall.  The adrenals  ap- 
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The common feature of these 3 cases is the local collection of the 
hyperplastic lymph nodes at  the sites which according to  Schridde 
(31) are typical: around the intestine and the neck.  The correspond- 
ing parts of the mucous membrane of the intestine like that of the 
throat  showed marked signs  of chronic inflammation.  If Marine's 
theory were correct uniformly distributed hyperplasia of all lymph 
nodes should be expected.  Local hyperplasia speaks much more for 
the theory of Lubarsch.  I assume with Lubarsch (25) that the status 
thymicolymphaticus  usually  is  caused  by certain  "toxins,"  or  by 
bacteria and their products and that in atrophy of the adrenals or after 
adrenalectomy the  resistance of  the body against  such products is 
reduced.  The adrenals do not exert a suppressing or regulating effect 
upon  the  lymphatic tissue,  but  rather  work independently  of  the 
lymphatic tissue in destroying these products.  The  appearance  of 
local hype,~plasia seems to indicate merely the place of entrance of the 
"toxin." 
The question, whether there is a constitutional form of the status 
thymicolymphaticus will not be discussed. 
2.  L ymphocytosis and Lymphatic Tissue. 
The lymphocytosis which occurred in these experiments,  was paral- 
lel in time and in amount with the hyperplasia of the peripheral lymph 
nodes.  In the lymph nodes an increase in size and number mainly 
of  the pseudo-secondary nodules appeared.  The peripheral lymph 
nodes were in all probability responsible for the lymphocytosis and the 
pseudo-secondary nodules were its place of origin as  previously dis- 
cussed  (1).  The lymphocytosis can hardly be brought into  direct 
relation  with  Flemming's  secondary  nodules  in  the  spleen.  The 
highest development first attained of Flemming's secondary nodules 
in the spleen coincided in both series with the highest point of the 
lymphocytosis.  But whereas later the numbers of lymphocytes de- 
creased to normal, Flemming's secondary nodules reached a new high 
point of development which quite equalled the first one after  each 
single injection or series  of  injections (cf.  Text-figs.  1  and  2 with 
Table I).  A relation seems therefore to exist between injections and 
Flenuming's secondary nodules in the spleen like that which exists in 
infected animals (1) between subcutaneous abscesses  and Flemming's 
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31 Mesenchymal Reactions. 
The mesenchymal reactions after  intravenous injection of  killed 
as well as of various living bacteria, described by Oeller (2-5),  Sieg- 
round (6-8) and others seem from their descriptions to be of two differ- 
ent kinds.  On the one hand, Oeller described as a  general  cellular 
process the appearance of numerous polymorphonuclear leucocytes in 
the capillaries of liver, lungs and other organs which are derived locally 
he thinks from endothelial cells.  This he calls an endothelial reac- 
tion.  On the other hand, he described an adventitial reaction in which 
large adventitial and interstitial lymphoid and plasma cellular pro- 
liferations make their appearance in  the organs.  Siegmund finally 
described granulomas arising in the intima of vessels.  These authors 
except OeUer (5) agree in so far as they state that all these reactions 
appear only after repeated injections and must be looked upon as due 
to the reinjection.  They are said to appear as soon as a few minutes 
after reinjection and to disappear  quickly afterwards.  On the basis 
of these investigations they have proposed a  cellular theory of the 
immunizing process. 
These authors have been opposed by  Gerlach and his  associates 
(17-19) as well as by Seemann (14-16);both maintain that these reac- 
tions do not take place at all, but represent normal pictures.  They 
deny a participation of the lungs in these processes of any significant 
proportion.  The  failure  of  Gerlach  and  Seemann to  notice  these 
changes may probably be explained partly by the small number of 
their experiments, but partly also by their brief duration. 
The studies here reported show that after intravenous injections 
with killed staphylococci enormous mesenchymal reactions  appear. 
These are reactions parry of a lymphocytic and plasma cell nature, 
and partly the result of the proliferation of histiocytes and reticulo- 
endothelial cells which occur in vascular connective tissue.  In ani- 
mals treated with large doses especially numerous giant cells appeared. 
This finding is here described for the first time.*  The lungs, spleen 
* Mter this work was completed  Dr. Bach reported in a meeting  of the American 
Pathological Society somewhat similar alterations apparently in the lungs and 
livers  of  rabbits  following prolonged immunization  with  non-hemolytic 
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and liver  take  the largest  part  in  these processes, whereas  similar 
changes, though only of slight degree, are found also in the adrenals, 
kidneys and heart, but only after large doses.  In the animals treated 
with small doses a reaction of small cells prevailed, whereas after large 
doses giant cell formation predominated. 
This reaction appears to be the same as that which both Oeller and 
Siegmund described.  Oeller  found the lesions he  described chiefly 
in  the adventitial tissue.  Those which Siegmund saw were chiefly 
in  the  intima.  Oeller  accordingly described  these  as  "adventitial 
reaction"  and  Siegmund as  "intJmla granuloma."  Because  of  the 
insufficiency of my experiments I  cannot discuss Oeller's "endothelial 
reaction." 
The advenfifial reaction of Oeller is not necessarily an effect of rein- 
jection, as is generally supposed, because I found it, as Oeller did also 
partially (5), soon after the first injection (Table I), if a dose su/fici- 
ently large was given and the animals were killed 1 to 2 weeks later. 
After repeated injections the reaction appears to be greater, but this 
effect may probably be cumulative.  As the reaction was most strik- 
ing in  animals  injected with  large  doses,  and  these  animals  were 
found to produce agglutinins in only very low concentrations, as the 
controls showed, this reaction must be regarded as a tissue response 
of the organism to the bacteria or their products.  We may call it a 
primary reaction rather than a prolonged immunizing process. 
SUMMARY. 
In 87 rabbits,  some of which received intravenously at various 
intervals small, and some large,  doses of killed  staphylococci,  the 
following  findings  were obtained. 
I. There  occurred  a hyperplasia  of  lymph nodes,  spleen  and  thymus, 
that is to say, a status thymicolymphaficus.  This phenomenon is 
explained  as due to  immediate local  irritation  caused by bacteria  and 
their  products and by certain  "toxins" partly  of  exogenous, partly  of 
endogenous, origin. 
2. The lymphocytosis which appeared was parallel  in time and 
degree with the hyperplasia  of the peripheral  lymph nodes (axillary, 
popliteal  and cervical  lymph nodes) and probably originated  in the 
pseudo-secondary nodules of these  nodes. wx~L~  r m~icrt  383 
3.  There occurred intense mesenchymal reaction in the vascular 
connective tissue of the lungs, liver and spleen and after large doses 
slighter ones in adrenals,  kidneys and heart.  These reactions corre- 
spond with Oeller's adventitial reactions and Siegmund's intima pro- 
liferations.  In the interstitial  tissue of these organs as well as in the 
walls of the minor vessels proliferations of cells, partly of the type of 
lymphocytes and plasma cells, partly of that of histiocytes and retic- 
ulo-endothelial cells, appeared, which, after large doses, were mixed 
with many giant cells of Langerhans' type.  After small doses lympho- 
cytes and plasma  cells  predominated,  after large doses  histiocytes 
and reticulo-endothelial cells.  Because these reactions occurred im- 
mediately after the first injection, they can be regarded as primary 
reactions of the organism to bacteria and their products. 
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EXPLANATION  OF PLATES. 
PLATE 27. 
FIO.  I. Axiilary  lymph node  (R  136).  Increase in number and  size  of the 
pseudo-secondary nodules (a).  At the margin of the nodes  solid  (d) and Flem- 
ming's secondary nodules (b and c) are seen.  Iron-hematoxylin-eosin X 16. 
Fro.  2.  Spleen  (R  177).  Numerous Flemming's secondary nodules are seen. 
They contain marginal (a) and outer zones (b).  Iron-hematoxylin-eosin X 32. 
FIG. 3.  Spleen  (R 69).  Mesenchymal reaction.  A  number of giant cells (a) 
are seen.  Iron-hematoxylin-eosin X  200. 
FIG. 4.  Spleen  (R 64).  Mesenchymal  reaction.  Proliferation  of basophilic 
round ceils around the minor vessels (a).  Methyl green-pyronine X  110. 
PLATE 28. 
FIG. 5.  Thymus (R 69).  Atrophy.  Iron-hematoxylin-eosin X 22. 
FIG.  6.  Thymus  (R  58).  The  picture  of  a  normal  thymus.  Methylene 
blue-eosin  X 22. 
FIG. 7.  Thymus  (R  71).  Hyperplasia of the  lobules,  as  is seen  by  their 
rounded shape and the straightness of their septa.  Methylene blue-eosin  X 22. 
Fie.  8.  Liver  (R  43).  Mesenchymal  reaction.  Increased  round  cellular 
infiltrations in the periportal connective tissue.  Iron-hematoxylin-eosin X  110. 
FIG. 9.  Liver  (R  92).  Mesenchymal  reaction.  Round  cellular  infiltration 
in the wall of a vein.  Iron-hematoxylin-eosin X 220. 
PLATE 29. 
FIG. 10.  Liver (R 87).  Mesenchymal reaction.  Giant cells in the periphery 
of the lobules.  Methyl green-pyronine ×  200. 
FI¢. 11.  Lung (R 64).  Mesenchymal  reaction.  Adventitial  proliferation of 
a minor vessel.  Irun-hematoxylin-eosin ×  110. 
FIG.  12.  Lung  (R  66).  Mesenchymal  reaction.  Proliferation  of  reticular 
ceils between media (a) and infima.  The endothelial cells are distinctly seen (b). 
Iron-hematoxylin-eosin X 300. 
F'~o. 13.  Adrenal (R 102).  Round cellular infiltrations in the cortex.  Methyl- 
ene blue-eosin  X 300. 
FIG. 14.  Adrenal  (R 141).  Giant cells in the cortex.  Methylene blue-eosin 
X 300. w1T.m~  zm~zcE  385 
P~,~  30. 
FIo. 15.  Lung (R 141).  Intense mesenchymal reaction.  (a) Artery, (b) vein. 
Iron-hematoxylin-eosin  ×  22. 
FIG. 16.  Kidney (R 140).  Mesenchymal reaction.  Giant cellular formation 
in a glomerulus.  Iron-hematoxylin-eosin  × 300. 
FIG. 17.  (R 69).  Round cellular infiltration in the myocardium.  Iron-hemao 
toxylin-eosin ×  300. 
FIo. 18.  Lung (R 70).  Advanced mesenchymal reaction.  Obliteration of a 
vein (a).  Thickenings of the alveolar walls (b).  Iron-hematoxylin-eosin  X 30. THE JOURNAL OF EXPERIMENTAL  MEDICINE VOL.  XLIX.  PLATE 27. 
Photographed by Louis Sehmidt. 
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